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RECEPTOR BINDING OF DEXTROMETHORPHAN IN

NURMAL AND ISCHAEMIC BRAIN;
A COMPARISON ER LIGANDS

The objective of this project is to investigate the potential significance of the ncuroprotective
agent dexuwomethorphan, and its 1cceptor, in normal and abnormal brain. Dextromethorphan
{s a non-opioi< cyugl suppiessant. It is as potent as codcine, but has the opposite steric
cunfigutation (i.c. it is dextrorotatory rather than levorotatory), and possesses none of the
CNS pharmacology normally associated with opioids. The demoastration in 1981 of high
affinity binding sitcs for dextromethorphan, which were distinct from any known
ncurotransmitter or ncuromodulator sites, was followed by the discovery that
deatromethorphan also possessed significant anticonvulsant and neuroprotective properties.

The first phase of my project was to examine the characteristics of dextromethorphan’s
action at the receptor, using radioligand binding techniques. In general, these can be divided
into two distinct but related methods. The first of these, autoradiography. uses brain
sections, and allows the binding of the radinligand to be studied in situ. The advantage here
is that the cellcell interactions are still intact, and this should thus theoretically resemble the
physiotogical state of the receptor. In addition, this technique allows the anatvmical
distribution of the receptor to be studied. However, there is one considerable disadvantage
associated with autoradiography: the extremely slow throughput of material, and thus data,
means that detailed quantitative information on the binding of several ligands is difficult to
obtain. The other radioligand binding method, the nuw classical test-tube technique, allows
data 10 be processed much more 1apidly, and is thereforc morc suitable for studying more
accurately the kinetics of binding together with receptor densitics and affinities of ligands
binding v iultiple sites. However, this techniquc is also not without its disadvantages, and
resulty can casily be misinterpreted. For cxample, preparstion of the receptor material (i.e.
homogenisation and sub-ccllular fractionation) can expose binding sites not ~ormalily
accessible to the radioligand or drug, and factors influencing binding (e.g. ior.s) may be
removcd during the preparation procedure. Overall, it was felt appropriate to make use of
both tcchniqucs for this project; autoradiography for looking at the anato- .1-al distribution
of binding, and classical techniques for the quantitative assessment of re :eptor densities and
undcrstanding the pharmacology of the binding sites in terms of IC s or Kis.

During the first phase of my project [ have attempted to rerroduce and validate work
previously carried out with dextromethorphan. So far, thit t 4« involved the preparation of
receptor material (brain sections for antoradiography and .nembrane fractions for test-tube
experiments); actual binding experiments using radiciabelied dextromethorphan and the
appropriate receptor matenal, including preparatior of various buffers and solutivny, both
aceording to established methods and also to optimise the varivus cunditions used; and
suhsequently analysis and interpretation of daca. Suine ol the preliminary results obtained
are shown at the end of this repont. Overall I fec] I have mastered the various techniqucy and
methodology Involved, and am thuy picparing to go on to the ncxt phasc of the project,
which will be outlirnied belyw.
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Dextromethorphan has been shuwa (o be an cffective neuroprotective agent, being active in
both in vitro and in vivo models of ischacmia. It is widely accepted that the mechanisms of
ischaemic ncuional damage involve glutamate receptors, of which the N-methyl-D-aspartate
(NMDA) rcceptor is a sub-type. In addition to its own high affinity hinding site,
dextromcthorphan also binds, albeit with lower affinity, to a site Incated on the jon channel
associated with the NMDA receptor. This so-called phencyclidine (PCP) site is modulated
by ligands which bind to the NMDA receptor. ‘Ihis includes NMDA itself, and also glycine
and polyamines, which bind to sites distinct from the NMDA binding site and which are
necessary for the channel to open. Antagonists at these binding sices have been shown to
possess neuroprotective activity. Thus it would be of Interest to cumpare the binding of
dextromethorphan (and a series of structurally relared analogues) to the dextromethophan
high affinity hinding site, as measured using {3H]dexurumethorphan, and also to both the
PCP and glycine sites, using {3H]MK-801 and [3H]glycine respectively. To this end I have
developed radioligand binding assays for buth glycine and MK-801 in thc same manner as
for dextromethorphan.

So far the mechanism of the neuroprotective action of dextromethorphan has not been .
established. It may be via its own high affinity site, or it may be via its action et the PCP
site (cithier directly, or via metabolism to dextrorphan, which has a higher affinity for the
PCP site than dextromcthorphan). Thus it is proposed to examine the binding of
dextromcethorphan not only to normal brain, but also to brains which have been subjected 1o
an ischacmic insult. This will be done using the "middle cerebral artery occlusion” model in
the rat, which has been shown to cause s reproducible focal cartical infarct, and which is
widcly used to study the nevroprotective activity of drugs. The binding of
dextromethorphan will be compared with that of nther ligands associated with neurotoxiciry
and neuroprotection. These will include glycine and MK-801, and also the opioid antagunist
naloxone, as dextromethorphan has at least one pharmacological effect in common with
certain opioids in it¢ antitussive action and naloxone has becn shown 10 posscss
neuroprotective properties. Binding will be studied both in nuanal brain, and in ischacmic
brain 72 hours post-occlusion, after which time infarct funnation has been shown to be near
maximal. If differences are apparent, a time cuutse from 0-72 hours looking at binding
versus infarct formation will be examined i imore detail. As the middlc cerebral artery
occlusion model Is 2 complicated une, agreement has been reached with the Stroke ijoct at
Pfizer Cenual Rescarch, for the appropriate training in this technique.
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To follow un from this work, it is proposcd to attempt to correlate neuroprotective activity
with levels of these agents achcived in the brain after in vivo administration. Generally, if a
cotnpound binds to morc than one site with different affinity, it is assumed that the high
affinity site is morc rclevant. However, after in vivo administration, brain levels may be
achicved such that the relevant action of the agent to elicit any given etfect is at lower
affinity sites. This may especially be the case with dextromethorphan. ‘Thus brain levels of
the above agents after neuroprotective doses will be determined suhsequent to administration
of radiolabelled tracet in vivo, followed by purification of the radiolabel using TLC in vitro.




Results

Pigurc 1 shows a typical displacement curve for [3IH]DM in guinea pig brain sections
(10uM). Using 20nM (IH]DM, incubating for 20 minutes at 23°C, and washing 3xSmin in
ice cold Tris-HCl containing 0.01% Triton X-100 and 100mM choline chionde, the 1Cy, for
dextromethorphan was found to be 380nM. The presence of more than one hinding site is
indicated by the low slope observed with this curve.

Figure 2 demonstrates that the hinding of [3H]DM to guinea pig brain crude homogenate Is
proportional to the amonnt of pratein present. Specific binding is defined as total minus
non-specific (in the presence ot 100uM DM) and accounts for 46-67% of total binding,
which is expressed here in dpm.

Figures 3 and 4 show the binding of [3H]DM in sub-cellular fiactions of guinca pig brain.
Binding of DM to crude (unpurified) humogcenatces is generally found to be of low affinity
(~10uM), reflecting the greater cupacity of the  low affinity site for dextromethorphan.
The fractivns weie prepared according to the method of D¢ Robertis ct al (1962). The
binding assay was performed by incubating S0ul of [3H]DM (4nM) with 400pul of protein
and 50ul of cither buffer (Tris-HC!, pH 7.4 @ 23°C) or increasing concentrations of cold
DM (1nM-100uM). Non-spccific binding was defined with ImM DM. Highest affinity
binding was found in the microsomal fraction, with lower affinity binding in synaptosomal
and mitochondrial fractions. However, binding in all of these fractions appears to be
biphasic, indicating more than one site is present, although this could be due to incomplete
purification of each fraction during the centrifugation procedure.

Other experiments were performed to optimise the conditions u<ed in the (3H]DM binding
assay (data not shown). Association experiments showed that equilibrium was reached
within 1 minate at 23°C, and remained <table for at least 30 minutes. Non-specifi¢ binding
of [3H]DM ta the glacs-tibre tilters proved to be a problem. Presoaking the fiiters in Tris-
H() containing either Triton X-100/choline chloride or PEI did not improve the ratio of
specific to non-specific binding, or using GF/C or GF/F filters instead of GF/B, or including
imM DM in the presoak. These results are in contiust o thusc 1epoited (claiming that
addltion of choline chloride/Triton X-100 10 the filter presoak and wash buffers reduces
binding of [3H]DM to the filte1s); the 1eason for this is not known.

In additivn to dic deauomethorphan binding assay, assays for glycine and MX 301 have also

been develuped. Both use an catensively washed rat crude cortical sy nuriz. - . buffy coat)
pieparation. Tor the glycine assay, SO0u! of [3H]glycine (20nM) waz i~ & < +1th 400ul
of protein and 50pl of cither buffcr (SOmM Tris-citrate, pH 7 7 @ ! . increasing

concentrations of cold glycinc (1nM-100uM), for 20 minutes at 1°C Non <pesific binding
was dcfincd with 0.1ImM glycine. The reaction was terminated by dilution «with Iml 1ce<old
Tris-citrate buffer followed by rapid filtration through GF/C filters presoaked ~2hr in Tris-
citrate buffer containing 0.1% PEL/lmM glycine to reduce non-specific binding ta the filtere
All of the preceding steps were performed in the cold room, and the whole separation
" procedure was carried out as rapidly as possible (<10sec) to minimise diccnciation of the
ligand from its receptor. For the MK-801 assay, Tric-HCl (pH 7 4 @ 23°() was the buffer
used, 1nM [IH]MK-801 was incubated with the membranes for 1 hour at 23°C. 10uM MK-
80! was used to define non-specitic hinding, and filtration was through GF/B filters




presoaked in SuM Tris-1ICL The cffcets of added glutamate at 10pM were also studied.
Glutamatc incrcascd the specific binding of [PH)MK-801 by nearly 60% (from 5863 to
9178 dpm; no effect on non-specific binding), while not significandy affectng glycin
binding. :

Experiments are also in progress 10 examine the cffects of the carbetapentane and
dextromethorphan analogues, obined frutn Dr Newman at NIDA-ARGC, in these assay
moxels.

As soon as the {inal data from these analyses have been made the results will be
conveyed w Dr Torclla and Dr Newman,
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3H-Glycine and 3H-MK80! Binding 1n Rat Brain
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